Energy distributions of the final leptons are given, taking into account the spin correlation effects at IS =60 GeV. We also estimate the effects of mass differences of quarks. We find that these effects are fairly large and will serve as the precise test of the standard model. § 1. Introduction Precise test of the standard modeF) is important not only for the model itself but also for the new-physics beyond the model. For this problem, we consider the following process taking into account the spin correlation effects 2 )-5) and the effect of mass differences of quarks,
Precise test of the standard modeF) is important not only for the model itself but also for the new-physics beyond the model. For this problem, we consider the following process taking into account the spin correlation effects 2 )-5) and the effect of mass differences of quarks, Z~j+J~l+T+x, (1) where e-, e+, r, Z, j, J, land T are the electron, positron, photon, Z particle, fermion, antifermion, lepton and antilepton, respectively. The Feynman diagram of the process (1) is given in Fig. 1 .
.
Previously, we have studied the energy distributions of the process (1) at IS=Mz with 0'=0, 6 ) and found that the spin correlation effects are fairly large for the energy distributions of the final leptons, where IS is the center of mass energy and Mz is the mass of the Z particle. a denotes the z,l
Fig. 1 . Feynman diagram of process (1) . The momentum assignments are given in parenth· eses.
mass ratio,
where Mf and Mj' are the masses of the intermediate fermion and the final fermion, respectively. In this paper, we investigate the same problem at TRISTAN energy IS= 60 GeV but with o'=foO, where the magnitude of the r exchange and Z excnange cross sections are comparable, so we can expect a large interference between r and Z exchange processes, while at IS = Mz, only the Z exchange process dominates. Indeed we will see in § 3 that the interference cross section exhibits a large spin correlation effect. Moreover we estimate the effects of mass differences 0 and find that the effects are substantial. In § 2, we give the double and the single energy distributions of the final leptons of the process (1) .
In § 3, we give the numerical results and conclusions.
To make the paper self-contained; we give two Appendices. In Appendix A, our notations are presented. In Appendix B, we give some detailed derivations of the double energy distributions and the origin of the spin correlation effects. § 2. Energy distributions Following the method of Kawasaki, Shirafuji and Tsai,3) we have the following normalized double energy distributions of the final leptons of the process (1) . (See Appendices A and B for the notations and derivations):
Here.we make use of the narrow width approximation for the intermediate I and J particles and neglect the masses of the initial and the final leptons. In Eqs. (5) is the branching ratio of I particle. x and x' are the reduced energies of the final leptons El and E/ and are given by (6) where In the right-hand sides of Eqs. 
The functions nl(f) are just the ones which were given in Refs. 4), 6) and 7). g<l) and g (2) in Eqs. (3)~(5) are given by Integ~ating the variables x or x' in Eqs. (3)~ (5), we obatin the normalized single energy distributions by using Eq. (7):
(10) (11) In this case, the spin correlation effects remain in Eqs. (9) and (11) but disappear from Eq. (10). The numerical evaluations of these equations will be given in the next section. § 
Numerical results and conclusions
For the numerical calculations, we use the following values:
Then the values of g(l) and g(Z) in Eq. (8) at jS=60 GeV are given by 
We see that the g(l)'s are nearly equal to 1 because of (3 ~ 1, the g(2)'s are positive, and the grz(2)'S are relatively large due to the term av(Z/) in the denominator of Eq. (8).
In , Fig. 2 , we depict the normalized single energy distributions of Eq. (9) of r particle, c quark and b quark for /. It is noted that the distributions take the maximum values at X=Xo (~10-3 ).
In Fig. 2(a) , we depict nl(r) (x; 0), n2(r)(X; 0) and (14) where we assume that the mass of r-neutrinoequals to zero. At X=Xo, nl(r)(XO; 0) =1.67, n2(r)(XO; 0)=-0.33 and nzz(r) (xo; 0)=1.62. We see that the spin correlation effects are small in this case.
In Fig. 2 
(c), we depict nl(C) (x; 8), n2(C)(x; 8) and nzz(C)(x; 8)=nl(C)(x; 8)+0.67n2(C)(x; 8)
for 8*0 (8=0.08) and 8=0. In Fig. 2(c 
The spin correlation effects at .i;=xo are about 16%. Futhermore the effects of 8*0 are also substantial. For example, at X=Xo, nz/b)(xo; 8*0) : nzz(b)(xo; 8=0)=1.32: 1.00.
In Fig. 3 , we depict the normalized single energy distributions of Eq. (11) of r particle, c quark and b quark for /. Figure 3 
We see the large spin correlation effects. We see the large effects of spin correlation and also of mass difference. We see the large effects of spin correlation and also of mass difference.
It is noted that the single energy distributions of nrr(f) are solely given by the funtion nl(f) (see Eq. (10)), so there are no spin correlation effects. In Fig. 4 , we depict the single energy distributions with the spin correlation effects and 0*0 effects for clarity. The total in the figures means d6zz/dx+ d6 n /dx + d6rZidx. 
and those of on the diagonal line El = E{ with (Fig. 5 ) and without' (Fig. 6 ) the nz terms. In this case, as for the variables, we use El and E{ instead of x and x' for convenience. We see the large spin correlation effects which are mainly due to the c quark channel.
In case I ~ r, the spin correlation effects are small and we do not depict them.
To conclude, we have derived the normalized double and single energy distributions of Eqs. (3)~(5) and Eqs. (9)~(11). We find that both the spin correlation effects and the effects of 0*0 are fairly large. We hope that the.se effects will be detected at TRISTAN in near future.
L=Lw+ Lz+ L r , where and
In l,Y) we inserted the aA(yf) term for convenience.
In the standard model, we have
where g, Ow and e are the SU(2h gauge coupling constant, the weak mixing angle, and the electric charge of proton, respectively. Q(f) and TL(f) are the charge in units of e and the third component of weak isospin of f particle, respectively. For example, Q(e-:-) = -1 and TL(e-)= -1/2 for electron e-.
Appendix B --Double Energy Distributions and the Spin Correlation Effects--
Using the method of Kawasaki, Shirafuji and Tsai,3) we have the following differential cross section for the process (1) in the text by making use of the narrow width approximation for the intermediate f and T particles and neglecting the masses of the initial and the final leptons:
where names of the particles are denoted by the momentum assignments of Fig. 1 in the text.
In Eq. (B·!), y=E(qI)/Mf , where E(qI) is the energy of f particle, and r f is the total width of f particle. 
Irz(Z)(Re)=-[C(VV; /)/r](p--p+)'(n+n')
(B'7)
(B·8) np(qI) and n' P(qI') are given by
for down particles. It is noted that the following relations are held:
The np dependent terms in Eqs. The production cross sections for the process e-e+ --4// are given by 
NU)(z)=(1/2)(I-z)2-28(I-z)+8
2 In(l-z).
In these equations f(8) is given as
The functions n2(f)(x; 8) are the remnant of the spin correlation.
